Introduction {#Sec1}
============

Gestational diabetes mellitus (GDM) and preeclampsia are two dangerous pregnancy complications, and their coexistence further increases adverse perinatal outcomes. However, studies on this situation are insufficient.

GDM is defined as glucose intolerance that occurs or is diagnosed for the first time during pregnancy without previous diagnosis of diabetes. Pregnant women with GDM have increased risks of preeclampsia, preterm birth, cesarean delivery, and secondary postpartum type 2 diabetes mellitus. Infants born to GDM women have an increased risk of macrosomia, congenital abnormalities, and secondary metabolic syndrome in the future \[[@CR1]\].

Preeclampsia is diagnosed with new-onset hypertension and proteinuria in the second half of pregnancy, which has long-term adverse effects. The American Heart Association points out that pregnant women with preeclampsia have an increased risk of cardiovascular disease in the future \[[@CR2]\]. Preeclampsia is classified into mild preeclampsia (m-PE) and severe preeclampsia (s-PE). s-PE is characterized by severe hypertension (≥ 160/110 mmHg) or end-organ injury. Women who met criteria of preeclampsia but not s-PE are diagnosed as m-PE. The threat of s-PE to mothers and infants is more serious than that of m-PE.

The development of GDM originates from insulin resistance, and that of preeclampsia is related to abnormal placentation leading to reduced placental perfusion \[[@CR1], [@CR3]\]. Dyslipidemia plays a significant role in the pathogenesis of both diseases \[[@CR4]\]. GDM and preeclampsia share similar risk factors, such as obesity related to dyslipidemia \[[@CR5]\]. How obesity affects perinatal outcomes of GDM complicated by preeclampsia remains to be further explored.

There are two main indicators for evaluating obesity: (1) body mass index (BMI) which is calculated on the basis of body weight and height; (2) gestational weight gain (GWG). In recent years, researchers tend to analyze the time point of GWG of pregnant women with different phenotype, instead of limiting themselves to total GWG.

The indicators in this study included pre-pregnancy BMI, total GWG, and weight gains at the early, middle, and late pregnancy. We also use regression analysis to adjust the impact of other potential risk factors, including height, age, parity, scarred uterus, and so on. We focused on the association between trimester-specific weight gain and s-PE/adverse perinatal outcomes in GDM complicated by preeclampsia, including preterm birth, cesarean section (C-sect), and large for gestational age birth (LGA). This study will help us to monitor the risk factors in time and improve perinatal outcomes.

Methods {#Sec2}
=======

Study Population and Eligibility Criteria {#Sec3}
-----------------------------------------

We used the anonymized data of the clinical characteristics to analyze retrospectively from the electronic medical record (EMR) system of the Maternal and Child Healthcare Hospital of Xiamen City. This study was approved by the ethics committee of the Maternal and Child Healthcare Hospital of Xiamen City (ky-2019--006). All procedures were in accordance with the ethical standards of the local ethics committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants.

The present study was a retrospective study of pregnant women who underwent prenatal examinations and delivery at the Maternal and Child Healthcare Hospital of Xiamen, China, from January 2016 to November 2018. During the period, 368 out of 70,057 (5.2%) single pregnant women had GDM complicated by preeclampsia. According to the following criteria, 329 of them were enrolled in this study.

The inclusion criteria of the participants were as follows: (1) singleton gestation; (2) birth occurred at 28 or more gestational weeks; (3) complete mother--newborn information.

Cases meeting the following criteria were excluded: (1) multiple gestations; (2) fetuses with chromosome abnormalities or congenital malformations; (3) mothers with mental disease, alcohol or drug abuse, pregestational diabetes, and so on.

Data Collection {#Sec8}
---------------

We recorded the following clinical data: height, maternal age, BMI, abortion history, parity, scarred uterus, educational level, the weight of different gestational weeks, gestational weeks at delivery, mode of delivery, fetal sex, newborn birth weight, the severity of preeclampsia and perinatal outcome, including cesarean delivery, preterm birth, and LGA.

GDM diagnosis is made when any glucose values exceeded the standard cutoff levels (fasting, 5.1 mmol/L; 1 h, 10.0 mmol/L; and 2 h, 8.50 mmol/L) in a 75-g oral glucose tolerance test between 24 and 28 weeks of pregnancy \[[@CR6], [@CR7]\]. All patients with GDM were treated with dietary adjustment or lifestyle modification combined with insulin to achieve the following blood glucose goals: FPG 3.3--5.3 mmol/l and 1-h postprandial blood glucose \< 7.8 mmol/l. Failure to achieve the goal is called poor glycemic control.

Preeclampsia is diagnosed by systolic blood pressure (≥ 140 mmHg) and/or diastolic blood pressure (≥ 90 mmHg) after 20 weeks of gestation, proteinuria (≥ 0.3 g/24 h) or positive random urinary protein, upper abdominal discomfort, headache, and other symptoms. s-PE is diagnosed with any of the following adverse conditions in preeclampsia patients: Continuous elevation of blood pressure: systolic blood pressure (≥ 160 mmHg) and/or diastolic blood pressure (≥ 110 mmHg); proteinuria (≥ 2.0 g/24 h or random proteinuria (++); serum creatinine (≥ 106 μm/L); platelet (\< 100,000/ML); elevated blood LDH; elevated serum ALT or AST levels; persistent headache or other brain or visual impairments; and persistent upper abdominal pain \[[@CR8]\].

The adverse perinatal outcomes include cesarean section, LGA infant (birth weights exceeded the 90th percentile for gestational age \[[@CR9]\]), preterm birth (delivery before 37 gestational weeks).

Short stature was defined as height in the lowest quartile of adult women in China (\< 155 cm) \[[@CR10]\]. Advanced age was defined as older than 35 years at delivery.

Pre-pregnancy weight was self-reported during the first prenatal examination. Pre-pregnancy BMI was calculated as weight (in kilograms) divided by height (in meters) squared. BMI categories were established according to the Working Group of Obesity in China (underweight, \< 18.5; normal weight, 18.5--23.9; overweight, 24--28.9; and obese, \> 28.9) \[[@CR11]\]. In the present study, pre-pregnancy obesity was defined as BMI \> 23.9. Overweight and obese women were combined because the BMI of only a small number of women was more than 28.9.

According to the US Institute of Medicine (IOM) guidelines 2009 \[[@CR12]\], the adequate total GWG (defined as the difference between pre-pregnancy body weight and the last weight measurement before delivery) were underweight women (12.5--18 kg), normal weight women (11.5--16 kg), overweight women (7--11.5 kg), and obese women (5--9 kg). Early, middle, and late trimesters were defined as weeks 1--13, 14--26, and 28--40, respectively. The adequate weight gain interval is 0.5--2 kg for all BMI levels in early pregnancy. The adequate weight gain rates in middle and late trimester (expressed by average weekly weight gain) were underweight group (0.44--0.58 kg/week), normal weight group (0.38--0.50 kg/week), overweight group (0.23--0.33 kg/week), and obese group (0.17--0.27 kg/week). Excessive GWG is defined as exceeding the upper limit of the adequate range.

Statistical Analysis {#Sec4}
--------------------

Statistical analyses were performed with the SAS software (version 9.3; SAS Institute Inc., Cary, NC). Categorical variables were described by using frequencies. The statistical difference in the prevalence of adverse perinatal outcomes was calculated using the Chi-square test.

In order to determine the odds ratio (OR) and 95% confidence interval (CI) for the association between gestational specific weight gain and perinatal outcomes of GDM with preeclampsia, and to control the influence of confounding factors, unconditional regression analysis was used.

Results {#Sec5}
=======

Of the 70,057 singleton pregnant women included in this study, 368 (0.53%) pregnant women were diagnosed with GDM complicated by preeclampsia. In the end, 329 cases meeting the inclusion criteria were enrolled. The s-PE rate was 51.3%. The preterm birth rate was 20.3%. The cesarean delivery rate was 65.1%. The LGA rate was 9.7%. Two stillbirths were excluded from LGA analysis.

As compared to the controls, pregnant women with short stature (67.9% vs 48.2%,*p* \< 0.05), advanced age (63.9% vs 45.2%,*p* \< 0.05), multiparous (59.5% vs 46.0%,*p* \< 0.05), and late excessive GWG (56.9% vs 44.0%,*p* \< 0.05) were associated with higher s-PE rates. The preterm rate of pregnant women with scarred uterus was significantly higher than that of pregnant women without scarred uterus (35.7% vs 18.1%,*p* \< 0.05). The preterm rate of pregnant women with excessive total GWG was significantly lower than that of women with non-late excessive GWG (13.2% vs 25.4%,*p* \< 0.05). Pregnant women with scarred uterus (95.5% vs 55.1%,*p* \< 0.05) or late excessive GWG (66.0% vs 52.5%,*p* \< 0.05) were associated with higher C-sect rate. The LGA rates of pregnant women with excessive total GWG (18.4% vs 3.7%,*p* \< 0.05) or middle trimester (15.6% vs 2.7%,*p* \< 0.05) excessive GWG were significantly higher than that of the controls (Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}).

Table 1Prevalence of severe preeclampsia/adverse perinatal outcome in pregnant women with different clinical baseline characteristicsBaseline characteristicN1 (N2) Total 329 (327)s-PE (%)Preterm (%)C-sect (%)LGA (%)Short stature53 (53)67.9\*20.871.73.8Non-short stature^a^276 (274)48.220.358.010.9Advanced age108 (108)63.9\*22.265.75.6Non-advanced age^a^221 (219)45.219.557.511.9Multipara131 (130)59.5\*25.257.310.8Nulliparous^a^198 (197)46.017.262.19.1Abortion history168 (168)53.022.658.912.5Non-abortion history^a^161 (159)49.718.061.56.9Scarred uterus42 (42)59.535.7\*95.2\*11.9Non-scarred uterus^a^287 (285)50.218.155.19.5College diploma or above224 (224)51.321.958.08.5Less than college diploma^a^105 (103)51.417.164.812.6Male fetus177 (176)53.120.359.99.7Female fetus^a^152 (151)49.320.460.59.9Poor glycemic control87 (87)56.324.156.310.3Non-poor glycemic control^a^242 (240)49.619.061.69.5*N1* number of cases analyzed for s-PE, preterm, C-sect;*N2* number of cases analyzed for LGA.*s-PE* severe preeclampsia, *C-sect* cesarean section,*LGA* large for gestational age birth\* Statistically significant compared with controls^a^Control group

Table 2Prevalence of severe preeclampsia/adverse perinatal outcome in pregnant women with different gestational weight gain characteristicsBaseline characteristicN1 (N2) Total 329 (327)s-PE (%)Preterm (%)C-sect (%)LGA (%)Early excessive GWG97 (97)49.515.564.910.3Non-early excessive GWG^a^232 (230)52.222.458.29.6Middle excessive GWG181 (180)47.518.860.815.6\*Non-mid excessive GWG^a^148 (147)56.122.359.52.7Late excessive GWG188 (187)56.9\*23.966.0\*11.8Non-late excessive GWG^a^141 (140)44.015.652.57.1Excessive total GWG136 (136)46.313.2\*62.118.4\*Non-excessive total GWG^a^193 (184)56.925.457.33.7*N1* number of cases analyzed for s-PE, preterm, C-sect;*N2* number of cases analyzed for LGA.*s-PE* severe preeclampsia,*C-sect* cesarean section,*LGA* large for gestational age birth\* Statistically significant compared with controls^a^Control group

By unconditional regression analysis, middle trimester excessive GWG is a risk factor for LGA \[OR 6.586, 95% CI (2.254--19.242), AOR 6.481, 95%CI (2.213--18.981)\]; late excessive GWG is a risk factor for s-PE and C-sect \[OR 1.683, 95% CI (1.084--2.614), AOR 1.888, 95% CI (1.193--2.990); and OR 1.754, 95% CI (1.121--2.744), AOR 1.841, 95% CI (1.153--2.937)\]; excessive total GWG is a risk factor for LGA and is a protective factor for the preterm \[OR 5.920, 95% CI (2.479--14.139), AOR 5.602, 95% CI (2.337--13.431); and OR 0.448, 95% CI (0.248--0.841), AOR 0.429, 95% CI (0.235--0.783)\] (Table [3](#Tab3){ref-type="table"}).Table 3Unconditional regression analysis of the association between gestational weight gain (GWG) and severe preeclampsia/adverse perinatal outcomesOR95% CIAOR95% CIMiddle excessive GWG for LGA^a^6.5862.254--19.2426.4812.213--18.981\*Non-middle excessive GWG (reference)Late excessive GWG for s-PE^b^1.6831.084--2.6141.8881.193--2.990\*Non-late excessive GWG (reference)Late excessive GWG for C-sect^c^1.7541.121--2.7441.8411.153--2.937\*Non-late excessive GWG (reference)Excessive total GWG for LGA^d^5.9202.479--14.1395.6022.337--13.431\*Non-excessive total GWG (reference)Excessive total GWG for preterm^e^0.4480.248--0.8410.4290.235--0.783\*Non-excessive total GWG (reference)\* Statistically significant^a^Adjusted for age^b^Adjusted for height, age, and parity^c^Adjusted for scarred uterus^d^Adjusted for age^e^Adjusted for scarred uterus. The factors for adjustment are as shown in Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}, which are significant differences or potential differences by Chi-square test

Discussion {#Sec6}
==========

The incidence of GDM complicated by preeclampsia is unclear. According to the diagnostic criteria of the Ministry of Health (MOH) in China, the prevalence of GDM is 17.5% \[[@CR13]\], and another study reports that the prevalence of preeclampsia among patients with GDM in China is 3.3% \[[@CR14]\]. On the basis of the above results, it is estimated that the incidence of GDM combined with preeclampsia in China is 0.57% approximately. Of the 70,057 singleton pregnant women included in this study, 368 (0.53%) developed GDM complicated by preeclampsia. A total of 329 patients in this study were included in the analysis. The preterm birth rate was 20.3%, cesarean delivery rate was 65.1%, and LGA rate was 9.7%. The incidence of adverse pregnancy outcomes was far higher than that of normal pregnant women \[[@CR15], [@CR16]\]. GDM complicated by preeclampsia is a severe problem endangering the health of mothers and infants, and it needs special attention.

Only by thoroughly understanding the relationship between relevant risk factors, e.g., obesity and perinatal outcomes, can we monitor and take preventive measures in time. Currently, there is a lack of large-scale multicenter collaborative clinical studies on the coexistence of GDM and preeclampsia, and it is difficult to carry out meta-analyses and evidence-based medicine research with limited literature. According to the data of prenatal examinations and inpatient deliveries in a tertiary hospital for 6 years, this study retrospectively analyzed the factors influencing perinatal outcomes.

The difference in the incidence of pre-pregnancy obesity between m-PE and s-PE is as yet unclear \[[@CR17]\]. Pre-pregnancy obesity has been reported to increase the risk of medical-indicated preterm birth, cesarean delivery, and LGA \[[@CR18], [@CR19]\]. In the present study, there was no significant association between pre-pregnancy obesity and the severity of preeclampsia, preterm birth, cesarean section, and LGA in patients with GDM complicated by preeclampsia.

Many studies have shown that excessive total GWG increases the risk of preterm birth, C-sect, and LGA \[[@CR20]\]. The present study also found that excessive total GWG was a risk factor for LGA in patients with GDM complicated by preeclampsia \[[@CR21]\]. However, there are inconsistent reports. It seems difficult to describe accurately with total GWG alone \[[@CR22]\]. In 2009, IOM guidelines were proposed for weight control of pregnant women with different BMI, which included total pregnancy and specific gestational periods. The criteria of insufficient, adequate, and excessive weight gain in different gestational periods were determined. On the basis of the guideline, researchers tend to describe the relationship between trimester-specific weight gain and adverse pregnancy outcomes \[[@CR23]\].

At least three factors influence the weight change of patients with GDM complicated by preeclampsia during pregnancy in different directions: dyslipidemia from early pregnancy promotes weight gain; plasma volume expansion restriction from early pregnancy inhibits weight gain; increasing blood vessel permeability, decreasing plasma colloid osmotic pressure, and edema aggravation in late pregnancy significantly promote weight gain \[[@CR12]\]. Thus, the index of total GWG is not suitable for assessment. Trimester-specific weight gain should be used for evaluation.

Our study shows that in patients with GDM complicated by preeclampsia, the excessive GWG of the late trimester, not that of early or middle trimester, increased the incidence of s-PE. Previous researchers have pointed out that short stature is a risk factor for s-PE \[[@CR24]\], and our study is consistent with this. Advanced age and multiparous were also risk factors for s-PE in the present study. After regression analysis adjusted for the influence of short stature and advanced age, the excessive GWG of late trimester was still significantly associated with s-PE. This is the first time that this phenomenon has been reported. Some studies reported that predelivery obesity increased the risk of s-PE, but they did not identify whether it was due to excessive GWG \[[@CR25]\]. Presumably, compared with patients with m-PE, patients with s-PE suffer more damage to vascular endothelial cells and edema aggravation in the late trimester. These factors have synergistic effects with dyslipidemia and promote weight gain in the late trimester. Therefore, when excessive GWG of late trimester occurs in patients with GDM complicated by preeclampsia, we must be vigilant against s-PE and actively strengthen medical intervention.

The present study also found that the excessive GWG of late trimester was a risk factor for C-sect after adjustment for the impact of the scarred uterus, a result which is consistent with Drehmer et al. \[[@CR23]\]. Excessive GWG of late trimester may aggravate the deposition of pelvic soft tissue, leading to decrease in the pelvic area. To overcome the obstruction requires strong contraction and increases the difficulty of vaginal delivery. Excessive GWG of late trimester can also aggravate pelvic inflammatory changes, which is also a risk factor for cesarean section \[[@CR26]\].

In this study, the excessive GWG of the middle trimester, not that of the early or late trimester, increased the incidence of LGA. Previous researchers also observed a close relationship between LGA and the excessive GWG of middle trimester \[[@CR23]\]. The reasons may be that pregnant women diagnosed with GDM in the middle trimester will receive standard weight management in hospitals, which can effectively control the subsequent weight gain in the late trimester but may not effectively reduce the risk of LGA \[[@CR27]\]. The infant metabolism in utero could be compromised by the excessive GWG of the mother. The critical window for the programming of neonatal size at birth is before 28 gestational weeks. Late trimester weight gain can not exert a strong effect on birth weight \[[@CR28]\].

No association was found between trimester-specific excessive weight gain and preterm birth in the present study. There were reports that late excessive GWG in underweight pregnant women and late insufficient GWG in obese pregnant women increased the risk of preterm birth \[[@CR22]\]. The number of patients with GDM complicated by preeclampsia included in this study was small, and we did not make further stratified comparisons.

The pathogenesis of GDM complicated by preeclampsia is very complex. Some researchers believe that the onset of preeclampsia is earlier than GDM \[[@CR29]\]. However, regarding the effect of pathological changes of GDM complicated by preeclampsia on gestational weight gain, there may be opposite characteristics. The middle trimester weight gain reflects more adverse outcomes closely related to the development of GDM, such as LGA, and the late trimester weight gain is more reflective of the severity of preeclampsia. More evidence is needed to prove the hypothesis.

Obstetric complications have a significant impact on the association between GWG and perinatal outcomes. In some respects, the results of this study are inconsistent with previous reports about pregnant women not suffering the coexistence of GDM and preeclampsia. This discrepancy may be due to the unique pathological mechanism of GDM complicated by preeclampsia. The impairment of GDM and preeclampsia affects each other. The weight gain characteristics of GDM complicated by preeclampsia should be different from those of healthy pregnant women and patients with only one disease (GDM or preeclampsia).

IOM\'s gestational weight control guideline is a major step forward, but it is based on the general population. It is necessary to develop diversified and targeted guidelines for particular disease phenotypes, such as GDM complicated by preeclampsia.

The weakness of this study included the following: (1) It is a retrospective observational study, not prospective intervention research. (2) It is difficult for a single hospital to collect enough cases, so multicenter cooperation is required to collect more clinical cases and conduct detailed stratified studies. (3) The factors affecting the perinatal outcomes of GDM complicated by preeclampsia may not be limited to those mentioned in the present study. More confounding factors need to be taken into account, such as socioeconomic factors, blood sugar control, and medical treatment. (4) To explain why trimester-specific weight gain should be associated with perinatal adverse events, in the future study, we plan to conduct in-depth research by measuring some plasma markers (VEGF, PlGF, IL-6, TNF, etc.).

Conclusions {#Sec7}
===========

It is essential to research the characteristics of trimester-specific weight gain in GDM complicated by preeclampsia. We found that the middle trimester excessive GWG is a risk factor for LGA, the late excessive GWG is a risk factor for s-PE and C-sect, and the excessive total GWG is a risk factor for LGA and a protective factor for the preterm. Obstetric complications have a significant impact on the association between GWG and perinatal outcomes. This study is helpful for carry out risk monitoring in time, identifying early warning signs, and improving maternal and infant health.
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